In the standard model (SM), the fermions receive mass via their Yukawa couplings to the Higgs boson [1] [2] [3] [4] [5] [6] [7] [8] [9], and measurements of the Higgs boson branching fractions to fermions directly probe these couplings. The Higgs boson decay to a τ lepton pair is particularly interesting because it has the largest branching fraction among the direct leptonic Higgs boson decays (B(H → τ + τ − ) 6.3%). Many searches for the H → τ + τ − process have been performed by earlier experiments [10][11][12][13][14][15]. The ATLAS and CMS Collaborations each previously reported evidence for this particular Higgs boson decay process using data collected at center-of-mass energies of 7 and 8 TeV [16] [17] [18] . The H → τ + τ − process was measured targeting the gluon fusion and vector boson fusion production modes using data collected by the CMS Collaboration at a center-of-mass energy of 13 TeV [19] 
Introduction
In the standard model (SM), the fermions receive mass via their Yukawa couplings to the Higgs boson [1] [2] [3] [4] [5] [6] [7] [8] [9] , and measurements of the Higgs boson branching fractions to fermions directly probe these couplings. The Higgs boson decay to a τ lepton pair is particularly interesting because it has the largest branching fraction among the direct leptonic Higgs boson decays (B(H → τ + τ − ) 6 .3%). Many searches for the H → τ + τ − process have been performed by earlier experiments [10] [11] [12] [13] [14] [15] . The ATLAS and CMS Collaborations each previously reported evidence for this particular Higgs boson decay process using data collected at center-of-mass energies of 7 and 8 TeV [16] [17] [18] . The H → τ + τ − process was measured targeting the gluon fusion and vector boson fusion production modes using data collected by the CMS Collaboration at a center-of-mass energy of 13 TeV [19] resulting in a cross section times branching fraction of 1.09
+0.27
−0.26 relative to the SM expectation. This paper reports on a search for the SM Higgs boson produced in association with a W or Z boson in proton-proton (pp) collisions at √ s = 13 TeV, using a data set collected in 2016 by the CMS experiment corresponding to an integrated luminosity of 35.9 fb −1 . In this search, the Higgs boson is sought in its decay to a pair of τ leptons. The results are combined with results from the the CMS H → τ + τ − analysis performed with the same data set [19] providing dedicated signal regions covering the four leading Higgs boson production mechanisms.
For the ZH associated production channel, Z → + − ( = e, µ) decays are considered, combined with four possible ττ final states from the Higgs boson decay: eτ h , µτ h , eµ, and τ h τ h , where τ h denotes τ leptons decaying hadronically. For the WH channel, four final states are considered, with the W boson decaying leptonically to a neutrino and an electron or a muon, and at least one τ h from the decay of the Higgs boson: µµτ h , eµτ h , eτ h τ h , and µτ h τ h . The eeτ h final state is not considered because of the lower acceptance and efficiency for electrons with respect to muons. Throughout the paper neutrinos are omitted from the notation of the final states.
Event reconstruction
The reconstruction of observed and simulated events relies on the particle-flow (PF) algorithm [40] . This algorithm combines information from all subdetectors to identify and reconstruct the particles emerging from pp collisions: charged hadrons, neutral hadrons, photons, muons, and electrons. Combinations of these PF objects are used to reconstruct higher-level objects such as the missing transverse momentum ( p miss T ). The p miss T is defined as the projection onto the plane perpendicular to the beam axis of the negative vectorial sum of the momenta of all reconstructed particle-flow objects in an event. Its magnitude is referred to as p miss T . The reconstructed vertex with the largest value of summed physics-object p 2 T is taken to be the primary pp interaction vertex. The physics objects are the objects constructed by a jet finding algorithm [41, 42] applied to all charged tracks associated with the vertex, including tracks from lepton candidates, and the corresponding associated missing transverse momentum.
Electrons are identified with a multivariate discriminant combining several quantities describing the track quality, the shape of the energy deposits in the ECAL, and the compatibility of the measurements from the tracker and the ECAL [43] . Muons are reconstructed by combining information from the inner tracker and the muon systems, using two algorithms [44] . One matches tracks in the silicon tracker to hits in the muon detectors, while the other one performs a track fit using hits in both the silicon tracker and the muon systems. To reject nonprompt or misidentified leptons, a relative lepton isolation is defined as:
In this expression, ∑ charged p T is the scalar sum of the transverse momenta of the charged particles originating from the primary vertex and located in a cone of size ∆R = √ (∆η) 2 + (∆φ) 2 = 0.3 (0.4) centered on the electron (muon) direction, where φ is the azimuthal angle in radians.
The sum ∑ neutral p T represents a similar quantity for neutral particles. The contribution of photons and neutral hadrons originating from pileup vertices is estimated from the scalar sum of the transverse momenta of charged hadrons in the cone originating from pileup vertices, ∑ charged, PU p T . This sum is multiplied by a factor of 1/2, which corresponds approximately to the ratio of neutral to charged hadron production in the hadronization process of inelastic pp collisions, as estimated from simulation. The expression p T stands for the p T of the lepton. Isolation requirements used in this analysis range from 0.10 to 0.25 depending on the lepton type and on the specific channel.
Jets are reconstructed with an anti-k T clustering algorithm implemented in the FASTJET library [42, 45] . It is based on the clustering of neutral and charged PF candidates with a distance parameter of 0.4. Charged PF candidates not associated with the primary vertex of the interaction are not considered when clustering. The combined secondary vertex (CSVv2) algorithm is used to identify jets that are likely to have originated from a bottom quark ("b jets") [46] . The algorithm exploits the track-based lifetime information together with the secondary vertices associated with the jet using a multivariate technique to produce a discriminator for b jet identification. A set of p T -dependent correction factors are applied to simulated events to account for differences in the b tagging efficiency between data and simulation [46] . The working point chosen in this analysis gives an identification efficiency for genuine b jets of about 70% and a misidentification probability for light flavor or gluon jets of about 1%. All events with a b-tagged jet are discarded from this analysis. This selection requirement suppresses the contributions of tt, tt + W, and tt + Z with minimal impact to the signal selection efficiency.
Hadronically decaying τ leptons are reconstructed with the hadron-plus-strips (HPS) algorithm [47, 48] , which is seeded from anti-k T jets. The HPS algorithm reconstructs τ h candidates on the basis of the number of tracks and on the number of ECAL strips with an energy deposit in the η-φ plane, in the 1-prong, 1-prong + π 0 , and 3-prong decay modes. A multivariate analysis (MVA) discriminator [49] , including isolation and lifetime information, is used to reduce the rate for quark-and gluon-initiated jets to be identified as τ h candidates. The three working points used in this analysis have efficiencies of about 55, 60, and 65% for genuine τ h , with about 1.0, 1.5, and 2.5% misidentification rates for quark-and gluon-initiated jets, within a p T range typical of a τ h originating from a Z boson. The first working point is used in the τ h τ h channels of WH for the τ h that has the same charge as the electron or muon. The second working point is used in the WH channels with exactly one τ h , whereas the third working point is used in the ZH channels as well as for the τ h that has the opposite charge to the muon or electron in the WH channels with two τ h candidates. Electrons and muons misidentified as τ h candidates are suppressed using dedicated criteria based on the consistency between the measurements in the tracker, the calorimeters, and the muon detectors [47, 48] . The working points of these discriminators are specific to each decay channel. The τ h energy in simulation is corrected for each decay mode on the basis of a measurement of the τ h energy scale in Z → ττ events. The rate and the energy of electrons and muons misidentified as τ h candidates are also corrected in simulation on the basis of a "tag-and-probe" measurement [50] in Z → events.
In all final states, the visible mass of the Higgs boson candidate, m vis , can be used to separate the H → ττ signal events from the large irreducible contribution of Z → ττ events. However, the neutrinos from the τ lepton decays carry a large fraction of the τ lepton energy and reduce the discriminating power of this variable. The SVFIT algorithm [51] combines p miss T with the four-vector momenta of both τ candidates to estimate the mass of the parent boson, denoted as m ττ . The resolution of m ττ is about 20%. The m ττ variable is used for the ZH channels, while m vis is used for the WH channels because the SVFIT algorithm cannot account for the additional p miss T from the W boson decay.
Event selection
Events for the WH and ZH production channels are selected using single-or double-lepton triggers targeting leptonic decays of the W and Z bosons. The trigger and offline selection requirements for all possible decay modes are presented in Table 1 . Leptons selected by the trigger must be matched to those selected in the analysis. The light leptons (electrons and muons) in the events are required to be separated from each other by ∆R > 0.3, while the τ h candidates must be separated from each other and from the other leptons by ∆R > 0.5. The resulting event samples are made mutually exclusive by discarding events that have additional identified and isolated electrons or muons. Table 1 : Kinematic selection requirements for WH and ZH events. The trigger requirement is defined by a combination of trigger candidates with p T over a given threshold (in GeV), indicated inside parentheses. The |η| thresholds come from trigger and object reconstruction constraints. ZH events are selected with either a lower p T threshold double lepton trigger or a higher p T threshold single lepton trigger. In the eµτ h and µµτ h final states of the WH channel, the two light leptons are required to have the same charge to reduce the tt and Z + jets backgrounds where one or more jets is misidentified as a τ h candidate. The τ h candidate must have opposite charge to the light leptons. The highest p T light lepton is considered as coming from the W boson, while the Higgs boson candidate is formed from the τ h object and the subleading light lepton. The correct pairing is achieved in about 75% of events, according to simulation. The leading light lepton is required to pass a single-lepton trigger and to have a p T that is 1 GeV above the online threshold, whereas the subleading light lepton must have p T > 15 GeV, as determined from optimizing for signal sensitivity. Selection criteria based on three variables have been found to improve the signal sensitivity in both channels: 
GeV, where L T is the scalar sum of p T of the light lepton and τ h candidates;
• | S T | < 70 GeV, where S T is the vectorial sum of p T of the light lepton, τ h candidates, and p miss T ;
• |∆η(τ h , τ h )| < 2.0.
In the ZH final states, the Z boson is reconstructed from the opposite charge, same-flavor light lepton combination that has a mass closest to the Z boson mass. A looser identification and isolation selection is applied to the leptons associated to the Z boson to increase the signal acceptance, while a tighter selection is applied to the light leptons assigned to the Higgs boson to decrease the background contributions from Z + jets and other reducible backgrounds. The leptons assigned to the Higgs boson are required to have opposite charge. The specific selections detailed in Table 1 , including those chosen for the τ h candidates, were optimized to obtain the best expected signal sensitivity.
Candidates for associated ZH production are also categorized depending on the value of L Higgs T , defined as the scalar sum of p T of the visible decay products of the Higgs boson. The large Higgs boson mass causes the decay products to have relatively high p T compared to the jets misidentified as leptons from the Z + jets background process, which leads to a higher signal purity in the category with high L 
Background estimation
The irreducible backgrounds (ZZ, ttZ, WWZ, WZZ, ZZZ, as well as WZ and ttW in the WH channels) are estimated from simulation and scaled by their theoretical cross sections at the highest order available. Inclusive Higgs boson decays to W or Z boson pairs and the ttH associated production background processes are also estimated from simulation.
The reducible backgrounds, which have at least one jet misidentified as an electron, muon, or τ h candidate, are estimated from data. The dominant reducible background contributions come from tt and Z + jets in the WH channels and from tt, Z + jets, and WZ + jets in the ZH channels. The misidentification rates are estimated in control samples, and are used to reweight events with τ candidates (electrons, muons, or τ h ) failing the identification criteria to estimate the contribution of processes with jets misidentified as τ candidates in the signal region.
In the WH analysis, the misidentification rate of jets as τ candidates is measured in Z + jets events. After reconstructing the Z → ee decay, the jet-to-muon misidentification rate is estimated as a function of the lepton p T by applying the lepton identification algorithm to any additional jet in the event. Similarly, (Z → µµ) + jets events are used to estimate the jet-toelectron and jet-to-τ h misidentification rates. Events where the τ candidates arise from genuine leptons and not jets, primarily from the WZ process, are estimated from simulation and subtracted from the data so that the misidentification rates are measured for jets only. The rates are measured in bins of lepton p T , and are separated by the reconstructed decay mode of the τ h candidates.
In the eµτ h and µµτ h final states, events that do not pass the identification conditions of either the subleading light lepton or the τ h are reweighted to estimate the reducible background contribution in the signal region. In particular, events with exactly one object failing the identification criteria receive a weight f /(1 − f ), where f is the misidentification rate for the particular type of object. Events with both objects failing the identification criteria receive a weight
, where the negative sign removes the double counting of events with two jets. This method estimates the number of events for which the subleading light lepton or the τ h candidate corresponds to a jet. Such events are therefore removed from simulated samples to avoid double counting. However, events that have a jet misidentified as the leading lepton, but two genuine leptons for the subleading lepton and the τ h , are not taken into account with the misidentification rate method and are therefore estimated from simulation. These events mostly arise from tt and Z + jets processes, and account for less than 10% of the total expected background in the signal region. In the eτ h τ h and µτ h τ h final states of the WH channels, the method is essentially the same, except that the misidentification rate functions are applied only to events where the τ h candidate that has the same charge as the light lepton fails the identification criteria.
In the ZH analysis, a very similar method is used to estimate the contribution of jets misidentified as electrons, muons, or τ h candidates to the signal region. The misidentification rates are measured in a region with an opposite-charge same-flavor lepton pair compatible with a Z boson, and two additional objects. This region is dominated by Z + jets events with a small contribution from tt events. In a procedure identical to that of the WH final states, the contribution from genuine leptons is estimated from simulation and is subtracted, and the rates are measured in bins of lepton p T and are split between reconstructed decay modes for the τ h candidates. In the ZH analysis, events that pass the full signal region selection with the exception that either or both of the τ candidates associated to the Higgs boson fail the identification criteria are weighted as a function of the misidentification rates. To avoid double counting, events with both τ candidates failing the selection criteria have their weight subtracted from the events that have only a single object failing. This misidentification rate method is used to estimate only the yield of the reducible backgrounds. The m ττ distribution of the reducible background contribution is taken from data in a region with negligible signal and irreducible background contribution, defined similarly to the signal region but with same charge τ candidates passing relaxed identification and isolation criteria.
Systematic uncertainties
The overall uncertainty in the τ h identification efficiency for genuine τ h leptons is 5% [48] , which has been measured with a tag-and-probe method in Z → ττ events. An uncertainty of 1.2% in the visible energy of genuine τ h leptons affects both the distributions and yields of the signals and backgrounds. It is uncorrelated among the 1-prong, 1-prong + π 0 , and 3-prong decay modes.
The uncertainties in the electron and muon identification, isolation, and trigger efficiencies lead to a rate uncertainty of 2% for both electrons and muons. The uncertainty in the electron energy, which amounts to 2.5% in the endcaps and 1% in the barrel, affects the final distributions and the rate. In all channels, the effect of the uncertainty in the muon energy is negligible.
The rate uncertainty related to discarding events with a b-tagged jet is 4.5% for processes with heavy-flavor jets, and 0.15% for processes with light-flavor jets.
Theoretical uncertainties associated with finite-order perturbative calculations, and with the choice of the PDF set, are taken into account for the ZZ and WZ background processes. The theoretical uncertainties are evaluated by varying renormalization and factorization scales by factors of 0.5 and 2.0, independently. The process leads to yield uncertainties of +3.2% −4.2% for the→ ZZ process, and ±3.2% for the WZ process. The uncertainty from the PDF set is determined to be +3.1% −4.2% for the→ ZZ process, and ±4.5% for the WZ process. In addition, a 10% uncertainty in the NLO K factor used for the gg → ZZ prediction is used [52] . The uncertainties in the cross section of the rare ttW and ttZ processes amount to 25% [53] .
The rate and acceptance uncertainties for the signal processes related to the theoretical calculations arise from uncertainties in the PDFs, variations of the QCD renormalization and factorization scales, and uncertainties in the modeling of parton showers. The magnitude of the rate uncertainty is estimated from simulation and depends on the production process. The inclusive uncertainties related to the PDFs amount to 1.9 and 1.6%, respectively, for the WH and ZH production modes [31] . The corresponding uncertainty for the variation of the renormalization and factorization scales is 0.7 and 3.8%, respectively [31] .
The reducible backgrounds are estimated by using the measured rates for jets to be misidentified as electron, muon, or τ h candidates. In the WH channels, an uncertainty arises from potentially different misidentification rates in Z + jets events, where the rates are measured, and in W + jets or tt events, which constitute a large fraction of the reducible background in the signal region. This leads to a 20% yield uncertainty for the reducible background in each final state of the WH analysis. This 20% yield uncertainty also covers the measured differences in observed versus predicted reducible background yields in multiple dedicated control regions.
In the ZH final states a similar uncertainty is applied based on potential differences between the region where the misidentification rates are measured and the region where they are applied. These uncertainties are based on the results of closure tests comparing the differences in observed versus predicted reducible background yields. The uncertainty is taken to be the largest difference between simulation-based and data-based closure tests. The yield uncertainties are 50% in the eτ h final states, 25% in µτ h , 40% in τ h τ h , and 100% in eµ. The large uncertainty in the eµ final states results from the very low expected reducible background yields, which makes the closure tests susceptible to large statistical fluctuations.
The misidentification rates are measured in different bins of lepton p T , separately for the three reconstructed decay modes for the τ h candidate. In the WH channels, where the shape of the reducible background is taken from the misidentification rate method, the statistical uncertainty in every bin is considered as an independent uncertainty and is propagated to the mass distributions and to the yields of the reducible background estimate. In contrast, in the ZH channels, the mass distribution of the reducible background is estimated from data in a region where the τ candidates have the same charge and pass relaxed isolation conditions. Therefore, the statistical uncertainties in the misidentification rates do not have an impact on the shape of the mass distribution in this channel. Additionally, their impact on the reducible background yields is subleading compared to the closure-based uncertainties. In both the WH and ZH channels, an additional uncertainty in the misidentification rates arising from the subtraction of prompt leptons estimated from simulation is taken into account and propagated to the reducible background mass distributions.
The p miss T scale uncertainties [54] , which are computed event-by-event, affect the normalization of various processes through the event selection, as well as their distributions through the propagation of these uncertainties to the di-τ mass m ττ in the ZH channels. The p miss T scale uncertainties arising from unclustered energy deposits in the detector come from four independent sources related to the tracker, ECAL, HCAL, and forward calorimeters. Additionally, p miss T scale uncertainties related to the uncertainties in the jet energy measurement, which affect the p miss T calculation, are taken into account.
Uncertainties related to the finite number of simulated events, or to the limited number of events in data control regions, are taken into account. They are considered for all bins of the distributions used to extract the results. They are uncorrelated across different samples, and across bins of a single distribution. Finally, the uncertainty in the integrated luminosity amounts to 2.5% [55] . The systematic uncertainties considered in the analysis are summarized in Table 2 . 
Results
The results of the analysis are extracted with a global maximum likelihood fit based on the reconstructed Higgs boson mass distributions in the eight ZH and four WH signal regions. In the ZH channels, the m ττ distribution is used. The m ττ distributions are shown in Fig. 1 regions are plotted side-by-side. The eight ZH channels are each fit as separate distributions in the global fit; combining them together is for visualization purposes only. The WH and ZH signal yields correspond to their best fit signal strength value of 2.5. The distributions are shown after the fit and include both statistical and systematic uncertainties. The signal and background predicted yields, as well as the number of observed events, are given for each of the four H → ττ final states of the ZH channel in Table 3 . regions in this distribution are the same as those used in Fig. 1 and are final state dependent. The WH and ZH, H → ττ signal processes are summed together and shown as VH, H → ττ with a best fit µ = 2.5. VH, H → ττ is shown both as a stacked filled histogram and an open overlaid histogram. The contribution from "Other" includes events from triboson, tt + W/Z, ttH production, and all production modes leading to H → WW and H → ZZ decays. In this distribution the ZH, H → ττ process contributes more than 99% of the total of VH, H → ττ. τ h candidate pairs in the τ h τ h channels, and of the visible mass of the τ h and subleading light lepton in the τ h final states. The mass distributions are shown in Fig. 3 for the semileptonic and hadronic channels. Figure 4 shows all four WH channels combined together. The signal and background predicted yields, as well as the number of observed events, are given for each final state for the WH channel in Table 4 .
Events from all final states are combined as a function of their decimal logarithm of the ratio of the signal (S) to signal-plus-background (S + B) in each bin, as shown in Fig. 5 . Most of the ZH and WH final states contribute to the most sensitive bin in this distribution. The sensitive bins in the mass distributions correspond to those that include the peak of the signal from approximately 70-110 GeV in the m vis distributions from the WH channels and 100-160 GeV in the m ττ distributions from the ZH channels. The least sensitive bins in Fig. 5 include background events from all channels away from the signal peak and especially in the low L Higgs T region for the ZH channels. An excess of observed events with respect to the SM background expectation is visible in the most sensitive bins of the analysis.
The maximum likelihood fit to the WH and ZH associated production event distributions yields a signal strength µ = 2.5 Events / 10 GeV Events / 10 GeV Figure 3 : Post-fit mass distributions in the eµτ h (upper left), µµτ h (upper right), eτ h τ h (lower left), and µτ h τ h (lower right) final states. The uncertainties include both statistical and systematic components. The WH and ZH, H → ττ signal processes are summed together and shown as VH, H → ττ with a best fit µ = 2.5. VH, H → ττ is shown both as a stacked filled histogram and an open overlaid histogram. The contribution from "Other" includes events from triboson, tt + W/Z, ttH production, and all production modes leading to H → WW and H → ZZ decays. In these distribution the WH, H → ττ processes contributes 91-93% of the total of VH, H → ττ. ations (1.0 expected). The large µ value is driven by the WH channels, where the observation significantly exceeds the expectations from the SM including the Higgs boson. The constraints from the combined global fit are used to extract the individual best fit signal strengths for WH and ZH: µ WH = 3.6 +1.8 The results of this dedicated WH and ZH associated production analysis are combined with the prior H → ττ analysis that targeted the gluon fusion and vector boson fusion production modes using the same data set and dilepton final states [19] . The signal regions in both analyses are orthogonal by design because events with extra leptons are removed from the gluon fusion and vector boson fusion targeted dilepton final states. Changes in the gluon fusion signal modeling and uncertainties were made between the publication of Ref. [19] and the combination presented here, to take advantage of the most accurate, available simulations of the gluon fusion process. The gluon fusion simulation used in Ref. [19] was computed with next-to-leading order matrix elements merged with the parton shower (NLO + PS) accuracy. These NLO + PS gluon fusion samples were reweighted to match the Higgs boson p T spectrum from the NNLOPS generator [56] . Additionally, the gluon fusion cross section uncertainty scheme has been updated to the one proposed in Ref. [31] . This uncertainty scheme includes 9 nuisance parameters accounting for the uncertainties in the cross section prediction for exclusive jet bins, the 2-jet and 3-jet VBF phase space regions, different Higgs boson p T regions, and the uncertainty in the Higgs boson p T distribution due to missing higher-order corrections relating to the treatment of the top quark mass.
After applying the mentioned changes to the gluon fusion modeling, the gluon fusion and VBF targeted analysis results in a best fit signal strength for H → ττ of µ = 1.17
−0.25 (1.00
With combined results, the significance, signal strengths, and Higgs boson couplings can be measured with better precision than with either analysis alone. The combination leads to an observed significance of 5.5 standard deviations (4.8 expected). The best fit signal strength for the combination is µ = 1.24
−0.27 (1.00
−0.23 expected). The signal regions used in the combination target the four leading Higgs boson production mechanisms allowing extraction of the Higgs boson signal strength per production mechanism. The production mode specific signal strength measurements are shown in Fig. 6 . This combination places a tighter constraint on the H → ττ process in the (κ V ,κ f ) parameter space than previous analyses targeting exclusively the H → ττ decay process. A likelihood scan is performed for m H = 125 GeV in the (κ V ,κ f ) parameter space, where κ V and κ f quantify, respectively, the ratio between the measured and the SM expected values for the couplings of the Higgs boson to vector bosons and to fermions, with the methods described in Ref. [18] . For this scan only, Higgs boson decays to pairs of W or Z bosons, H → WW or H → ZZ, are considered as part of the signal. All nuisance parameters are profiled for each point of the scan. As shown in Fig. 7 , the observed likelihood contour is consistent with the SM expectations of κ V and κ f equal to unity providing increased confidence that the Higgs boson couples to τ leptons through a Yukawa coupling as predicted in the SM. The addition of the WH and ZH targeted final states brings roughly a 10% reduction in the maximum extent of the 68% CL for κ V compared to the gluon fusion and vector boson fusion targeted analysis.
Summary
A search is presented for the standard model (SM) Higgs boson in WH and ZH associated production processes, based on data collected in proton-proton collisions by the CMS detector in 2016 at a center-of-mass energy of 13 TeV. Event categories are defined by three-lepton final states targeting WH production, and four-lepton final states targeting ZH production. The best fit signal strength is µ = 2.5 Figure 7 : Scans of the negative log-likelihood difference as a function of κ V and κ f , for m H = 125 GeV. Contours corresponding to confidence levels (CL) of 68 and 95% are shown. All nuisance parameters are profiled for each point. The scan labeled as "Combined" is a combination of the WH and ZH targeted analysis detailed in this paper with the CMS analysis performed in the same data set for the same decay mode but targeting the gluon fusion and vector boson fusion production mechanisms [19] . The results for the gluon fusion and vector boson fusion analysis are represented by the dashed lines and are labeled as "ggH + VBF". For these scans, the included H → WW and H → ZZ processes are treated as signal. [46] CMS Collaboration, "Identification of heavy-flavour jets with the CMS detector in pp collisions at 13 TeV", JINST 13 (2017) P05011, doi:10.1088/1748-0221/13/05/P05011, arXiv:1712.07158.
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